SEMICONDUCTOR INTEGRATED CIRCUIT AND 
INTERRUPT REQUEST OUTPUT METHOD THEREOF 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor 
integrated circuit for outputting an OR output of an external 
interrupt factor and an internal interrupt factor as an interrupt 
request signal to an outside and an interrupt request output 
method of the semiconductor integrated circuit. 

2 . Description of the Related Art 

In some system structures using a semiconductor integrated 
circuit, an interrupt request signal given from an external 
interrupt factor is fetched into the semiconductor integrated 
circuit and OR control with an interrupt request signal given 
from an internal interrupt factor is carried out therein, and 
they are thus aggregated into one interrupt request signal 
and a notification of the interrupt is given to a CPU. 

Fig. 5 is a block diagram showing a system structure related 
to such a conventional interrupt processing. In Fig. 5, 501 
denotes a semiconductor integrated circuit which includes an 
interrupt control circuit 511 for carrying out OR control of 
an internal or external interrupt factor. 502 denotes a CPU 
for processing an interrupt request given from the semiconductor 
integrated circuit 501, and 503 denotes a power supply unit 
controlled by the CPU 502 and supplying a power to the 
semiconductor integrated circuit 501 . 504 denotes an external 
interrupt factor unit, and a low active interrupt signal sent 
from the external interrupt factor unit 504 is input to the 
semiconductor integrated circuit 501. 

The semiconductor integrated circuit 501 is divided into 
an internal power source section 505a and an I/O power source 
section 505b by a power voltage supplied to the circuit, and 
is controlled by the CPU 502 and receives independent power 
supply from the power supply unit 503, respectively. 

An input/output terminal cell is arranged in the I/O power 
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source section 505b. 506 denotes an input cell for receiving 
an internal power source breaking mode signal from the CPU 
502 in the power down mode of the semiconductor integrated 
circuit 501, 507 denotes an output cell for transmitting an 
interrupt request signal to the CPU 502, and 508 denotes an 
input cell for receiving an interrupt request signal generated 
from the external interrupt factor unit 504. 

Since the internal power source section 505a and the I/O 
power source section 505b are operated at different voltages, 
a signal is transferred between a logic arranged in the internal 
power source section 505a and a logic arranged in the I/O power 
source section 505b through a voltage level shifter circuit. 

For this reason, the output cell 507 and the input cell 508 
include voltage level shifter circuits 509 andSlO, respectively. 
15 The internal power source breaking mode signal is "1" 

active and the CPU 502 sets the same signal to be "1", thereby 
reporting the breaking of an internal power source to the 
semiconductor integrated circuit 501 in advance. Prior to 
a transition to the power down mode of the semiconductor 
20 integrated circuit 501, the CPU 502 first sets the internal 
power source breaking mode signal to be sent to the input cell 
506 of the semiconductor integrated circuit 501 to be "1" and 
the logic of the output cell of the I/O power source section 
505b is fixed to either of stable directions of «H" and "L" 
25 The output cell 507 is fixed to «H" in an internal power source 
breaking mode. 

Then, the CPU 502 issues the internal power source breaking 
instruction of the semiconductor integrated circuit to the 
power supply unit 503, and the power supply unit 503 breaks 
a power source for the internal power source section 505a of 
the semiconductor integrated circuit 501. By such a serial 
procedure, the semiconductor integrated circuit 501 is subjected 
to a transition to the power down mode. 

An interrupt control circuit 511 is provided in the internal 
35 power source section 505a, and carries out OR control of an 
external interrupt factor 512 output from the external interrupt 
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factor unit 504 and transmitted to the internal power source 
section 505a through the input cell 508 and an internal interrupt 
factor group 513 generated in another circuit of the internal 
power source section 505a, and finally aggregates them into 
5 one interrupt request signal 514 and gives a notification to 
the CPU 502 through the output cell 507. 

A technique for treating an interrupt signal related to 
the power down mode transition has been disclosed in Patent 
Document 1 . 
10 [Patent Document 1] 
JP-A- 9-4 4278 gazette 

[Problems that the Invention is to Solve] 

In the structure according to the conventional embodiment, 
however, the internal power source section is shut-off in the 
power down mode of the semiconductor integrated circuit, and 
at the same time, the interrupt control circuit provided in 
the internal power source section becomes inoperable and the 
output cell of the interrupt request signal which is provided 
in the I/O power source section is fixed to "H". Even if an 
interrupt request is given from the external interrupt factor 
to the input cell of the semiconductor integrated circuit, 
therefore, the notification cannot be sent to the CPU. 

In this case, the notification, to the CPU, of the interrupt 
request given from the external interrupt factor is stopped 
while the semiconductor integrated circuit is set in the power 
down mode. If the notification cannot be stopped, an interrupt 
request signal input for the external interrupt factor is to 
be provided on the CPU side separately from the input of the 
interrupt request signal sent from the output cell of the 
30 semiconductor integrated circuit. 

SUMMARY OF THE INVENTION 
The invention has been made in consideration of the 
circumstances and has an object to provide a semiconductor 
integrated circuit for outputting an OR output of an external 
3 5 interrupt factor and an internal interrupt factor as an interrupt 
request signal to an outside, wherein an interrupt request 
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sent from the external interrupt factor can be given to the 
outside also when an internal power source is shut-off, and 
an interrupt request output method of the semiconductor 
integrated circuit. 

In order to attain the object, a first aspect of the invention 
is directed to a semiconductor integrated circuit for outputting 
an OR output of an external interrupt factor and an internal 
interrupt factor as an interrupt request signal to an outside, 
comprising a resistor unit for bypassing an output end of the 
interrupt request signal to an input end of the external interrupt 
factor, and control means for controlling the output end of 
the interrupt request signal to a high impedance when an internal 
power source is shut-off. 

According to the structure, the input end of the external 
15 interrupt factor and the output end of the interrupt request 
signal are bypassed through the resistor unit. Consequently, 
the interrupt request sent from the external interrupt factor 
can be given to the outside also when the internal power source 
of the semiconductor integrated circuit is shut-off. 
20 A second aspect of the invention is directed to a 

semiconductor integrated circuit for outputting an OR output 
of an external interrupt factor and an internal interrupt factor 
as an interrupt request signal to an outside, comprising at 
least one rectifying unit for bypassing an output end of the 
interrupt request signal and at least one of input ends of 
the external interrupt factor to each other in an I/O power 
source section in which supply of a power is continuously carried 
out also after an internal power source is shut-off. 

According to the structure, the input end of the external 
interrupt factor and the output end of the interrupt request 
signal are bypassed through the rectifying unit . Consequently, 
the interrupt request sent from the external interrupt factor 
can be given to the outside also when the internal power source 
of the semiconductor integrated circuit is shut-off. Moreover, 
at least one rectifying unit constitutes an OR circuit. Even 
if a plurality of external interrupt factors are generated, 
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therefore, they can be reliably given as the interrupt requests 
to the outside. Furthermore, the rectifying unit to carry 
out the bypassing is provided in the I/O power source section 
in which the supply of the power is continuously performed 
also when the internal power source is shut-off . Consequently, 
it is possible to give the interrupt request sent from the 
external interrupt factor to the outside without adding a circuit 
to the outside. 

A third aspect of the invention is directed to a 
semiconductor integrated circuit for outputting an OR output 
of an external interrupt factor and an internal interrupt factor 
as an interrupt request signal to an outside, comprising 
switching means provided in an I/O power source section in 
which supply of a power is continuously carried cut also after 
15 an internal power source is shut-off and bypassing an output 
end of the interrupt request signal to an input end of the 
external interrupt factor by a switching operation interlocked 
with the breaking of the internal power source, and control 
means for controlling the output end of the interrupt request 
signal to a high impedance when the internal power source is 
shut-off. 

According to the structure, the input end of the external 
interrupt factor and the output end of the interrupt request 
signal are bypassed by the switching means to be switched 
25 interlockingly with the breaking of the internal power source, 
and are cut off from the circuit except for the time of the 
breaking of the internal power source and are bypassed only 
when the internal power source is shut-off. Consequently, 
the interrupt request sent from the external interrupt factor 
can be given to the outside. Moreover, the switching means 
is provided in the I/O power source section in which the supply 
of the power is continuously carried out also when the internal 
power source is shut-off. Consequently, it is possible to 
give the interrupt request sent from the external interrupt 
factor to the outside without adding a circuit to the outside. 
A fourth aspect of the invention is directed to a 
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semiconductor integrated circuit for outputting an OR output 
of an external interrupt factor to an internal interrupt factor 
as an interrupt request signal to an outside, comprising 
switching means provided in an I/O power source section in 
which supply of a power is continuously carried out also after 
an internal power source is shut-off and bypassing an output 
end of the interrupt request signal to an input end of the 
external interrupt factor by a switching operation for responding 
to an external control signal, and control means for controlling 
the output end of the interrupt request signal to a high impedance 
when the external control signal is supplied. 

According to the structure, the switching means can be 
directly controlled by using the external control signal and 
the interrupt request sent from the external interrupt factor 
can be given to the outside also when the internal power source 
is shut-off, and furthermore, the switching means can be 
controlled only if necessary in a software processing . Moreover, 
the switching means is provided in the I/O power source section 
in which the supply of a power is continuously carried out 
also when the internal power source is shut-off . Consequently, 
it is possible to give the interrupt request sent from the 
external interrupt factor to the outside without adding a circuit 
to the outside. 

A fifth aspect of the invention is directed to an interrupt 
request output method of a semiconductor integrated circuit 
for outputting an OR output of an external interrupt factor 
and an internal interrupt factor as an interrupt request signal 
to an outside, wherein an output end of the interrupt request 
signal is controlled to a high impedance when an internal power 
source is shut-off, and an interrupt request signal supplied 
to an input end of the external interrupt factor is output 
to an outside through a resistor unit bypassing the output 
end of the interrupt request signal to the input end of the 
external interrupt factor. 

According to the structure, the input end of the external 
interrupt factor and the output end of the interrupt request 



signal are bypassed through the resistor unit. Also when the 
internal power source of the semiconductor integrated circuit 
is shut-off, consequently, the interrupt request sent from 
the external interrupt factor can be given to the outside. 

A sixth aspect of the invention is directed to an interrupt 
request output method of a semiconductor integrated circuit 
for outputting an OR output of an external interrupt factor 
and an internal interrupt factor as an interrupt request signal 
to an outside, wherein an interrupt request signal supplied 
to at least one of input ends of the external interrupt factor 
is output to an outside through at least one rectifying unit 
bypassing an output end of the interrupt request signal and 
at least one of the input ends of the external interrupt factor 
to each other. 

According to the structure, the interrupt request sent 
from the external interrupt factor can be given to the outside 
through the rectifying unit bypassing the input end of the 
external interrupt factor and the output end of the interrupt 
request signal also when the internal power source of the 
semiconductor integrated circuit is shut-off. 

Aseventh aspect of the invention is directed to an interrupt 
request output method of a semiconductor integrated circuit 
for outputting an OR output of an external interrupt factor 
and an internal interrupt factor as an interrupt request signal 
to an outside, wherein an output end of the interrupt request 
signal is controlled to a high impedance and the output end 
of the interrupt request signal and an input end of the external 
interrupt factor are bypassed through switching means to be 
closed when an internal power source is shut-off during the 
breaking of the internal power source, and an interrupt request 
signal supplied to the input end of the external interrupt 
factor is output to the outside. 

According to the invention, a disconnection from the circuit 
is carried out except for the breaking of the internal power 
source by bypassing the input end of the external interrupt 
factor to the output end of the interrupt request signal through 



the switching means for switching interlockingly with the 
breaking of the internal power source. 

An eighth aspect of the invention is directed to an interrupt 
request output method of a semiconductor integrated circuit 
5 for outputting an OR output of an interrupt request signal 
sent from an external interrupt factor and an internal interrupt 
factor as an interrupt request signal to an outside, wherein 
an output end of the interrupt request signal is controlled 
to a high impedance and the output end of the interrupt request 

10 signal and an input end of the external interrupt factor are 
bypassed through switching means to be closed when an external 
control signal is supplied during the supply of the external 
control signal, and an interrupt request signal supplied to 
the input end of the external interrupt factor is output to 

15 the outside. 

According to the structure, the switching means can be 
directly controlled by using the external control signal and 
the interrupt request sent from the external interrupt factor 
can be given to the outside also when the internal power source 
20 is shut-off, and furthermore, the switching means can be 
controlled only if necessary in a software processing. 
BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram showing a structure according 
to a first embodiment of the invention, 

2 5 Fig. 2 is a block diagram showing a structure according 

to a second embodiment of the invention, 

Fig. 3 is a block diagram showing a structure according 
to a third embodiment of the invention, 

Fig. 4 is a block diagram showing a structure according 
30 to a fourth embodiment of the invention, and 

Fig. 5 is a block diagram showing the structure of a 
conventional semiconductor integrated circuit. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the invention will be described below with 

3 5 reference to the drawings. 

Fig. 1 is a block diagram showing a structure according 
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to a first embodiment of the invention. In Fig. 1, 101 denotes 
a semiconductor integrated circuit including an interrupt 
control circuit for carrying out OR control of an interrupt 
factor generated on an inside or outside, 102 denotes a CPU 
5 for processing an interrupt request given from the semiconductor 
integrated circuit 101, and 103 denotes a power supply unit 
controlled by the CPU 102 and supplying a power to an internal 
power source section and an I/O power source section in the 
semiconductor integrated circuit 101. 104 denotes an external 
10 interrupt factor unit, and a low active interrupt signal sent 
from the external interrupt factor unit 104 is input to the 
semiconductor integrated circuit 101. 

The semiconductor integrated circuit 101 is divided into 
an internal power source section 105a and an I/O power source 
15 section 105b by a power voltage supplied to the circuit, and 
is controlled by the CPU 102 and receives the independent supply 
of a power from the power supply unit 103, respectively. 

An input/output terminal cell is arranged in the I/O power 
source section 105b. 106 denotes an input cell for receiving 
2 0 an internal power source breaking mode signal from the CPU 
102 in the power down mode of the semiconductor integrated 
circuit 101, 107 denotes an output cell for transmitting an 
interrupt request signal to the CPU 102, and 108 denotes an 
input cell for receiving an interrupt request signal generated 
25 from the external interrupt factor unit 104. 

Since the internal power source section 105a and the I/O 
power source section 105b are operated at different voltages, 
a signal is transferred between a logic arranged in the internal 
power source section 105a and a logic arranged in the I/O power 
source section 105b through a voltage level shifter circuit. 

For this reason, the output cell 107 and the input cell 108 
include voltage level shifter circuits 109 and 110, respectively. 

The internal power source breaking mode signal is "l" 
active and the CPU 102 sets the same signal to be -1", thereby 
reporting the breaking of an internal power source to the 
semiconductor integrated circuit 101 in advance. Prior to 
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a transition to the power down mode of the semiconductor 
integrated circuit 101, the CPU 102 first sets, to "1", the 
internal power source breaking mode signal to be sent to the 
input cell 106 of the semiconductor integrated circuit 101 
and the logic of the output cell of the I/O power source section 
105b is fixed to either of stable directions of "H" and "L". 

The output buffer of the output cell 107 is set to tri-state 
control and is controlled in such a manner that an output is 
"H" or W L" as usual if an internal power source breaking mode 
signal is "0", and the output is fixed to a high impedance 
if the internal power source breaking mode signal is "1". 

Then, when the CPU 102 issues the internal power source 
breaking instruction of the semiconductor integrated circuit 
to the power supply unit 103, the power supply unit 103 breaks 
a power source for the internal power source section 105a of 
the semiconductor integrated circuit 101. By such a serial 
procedure, the semiconductor integrated circuit 101 is subjected 
to a transition to the power down mode. 

An interrupt control circuit 1 11 is provided in the internal 
power source section 105a, and carries out OR control of an 
external interrupt factor 112 output from the external interrupt 
factor element 104 and transmitted to the internal power source 
section 105a through the input cell 108 and an internal interrupt 
factor group 113 generated in another circuit of the internal 
power source section 105a during a normal operation, that is, 
while a power is supplied to the internal power source section 
105a, and finally aggregates them into one interrupt request 
signal 114 and gives a notification to the CPU 102 through 
the output cell 107. 

The output cell 107 of the interrupt request signal and 
the input cell 108 of the interrupt request signal are provided 
close to each other in the I/O power source section 105b, and 
the output end of the output cell 107 and the input end of 
the input cell 108 are connected through a bypass resistor 
115 in the I/O power source section 105b. 

In the power down mode of the semiconductor integrated 



circuit 101, an internal power source breaking mode signal 
to be output from the CPU 102 and input from the input cell 
106 is set to be "1" and the output of the output cell 107 
is fixed to a high impedance. 
5 Then, when the power supply unit 103 blocks the supply 

of a power to the internal power source section 10 5a of the 
semiconductor integrated circuit 101 in response to an internal 
power source breaking instruction sent from the CPU 102, all 
interrupt factors in the semiconductor integrated circuit 101 
10 are inoperable. A low active interrupt request output from 
the external interrupt factor element 104 is given to the CPU 
102 through the bypass resistor 115. 

As described above, according to the embodiment, the input 
end of the external interrupt factor and the output end of 
15 the interrupt request signal to be sent to the CPU are bypassed 
through the resistor unit. Consequently, it is possible to 
give the interrupt request from the external interrupt factor 
unit 104 to the CPU 102 also during the internal power source 
breaking of the semiconductor integrated circuit 101. 
20 Moreover, the CPU 102 recognizes that the interrupt factor 

group 113 generated in the semiconductor integrated circuit 
101 is wholly inoperable by the power source breaking. When 
the CPU 102 receives an interrupt request from an interrupt 
input terminal in the breaking of the internal power source 
25 of the semiconductor integrated circuit 101, therefore, it 
is possible to immediately specify that the interrupt request 
is given from the external interrupt factor unit 104 . since 
the embodiment can be implemented by adding one resistor unit, 
moreover, the semiconductor integrated circuit can easily be 
provided in the I/O power source section. 

Fig. 2 is a block diagram showing a structure according 
to a second embodiment of the invention. The same portions 
as those in Fig. 1 have the same reference numerals and description 
will be given. In Pig. 2, two external interrupt request signals 
sent from an external interrupt factor unit a of 104a and an 
external interrupt factor unit b of 104b are input through 
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input cells 201 and 202 to an interrupt control circuit 111 
provided in an internal power source section 105a of a 
semiconductor integrated circuit 101, respectively. 

203 and 204 denote level shifter circuits to be provided 
on the output side of the input cells 201 and 202 to the internal 
power source section, respectively. An interrupt request 
signal 114 aggregated into one by the interrupt control circuit 
111 is given to a CPU 102 through an output cell 205. 

208 denotes a level shifter circuit from the internal 
power source section 105a to an I/O power source section 105b 
which is provided on the input end of the output cell 205, 
206 denotes an N channel transistor constituting the open drain 
output of the output cell 205, and 207 denotes a pull-up resistor 
connected between the drain of the N channel transistor 206 
and the I/O power source. Rectifying units 209 and 210 are 
inserted from the output end of the output cell 205 to the 
input ends of the input cells 201 and 202 in a forward direction, 
respectively. 

During a normal operation, that is, while a power is supplied 
to the internal power source section 105a, OR control of two 
external interrupt factors transmitted to the internal power 
source section 105a through the input cells 201 and 202 and 
the internal interrupt factor group 113 generated in another 
circuit of the internal power source section 105a is carried 
out, and is finally aggregated into one interrupt request output 
signal 114 and is given to the CPU 102 through an output cell 
107. 

In the power down mode of the semiconductor integrated 
circuit 101, an internal power source breaking mode signal 
to be output from the CPU 102 and input from an input cell 
106 is set to be «1" and a power supply unit 103 then breaks 
the supply of a power to the internal power source section 
105a of the semiconductor integrated circuit 101 upon receipt 
of the internal power source breaking instruction of the CPU 
102. 

Consequently, the interrupt control circuit 111 becomes 
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inoperable and the N channel transistor 206 in the output cell 
205 is turned OFF so that the output of the output cell 205 
is set to be "H" by the pull-up resistor 207. When either 
of the two external interrupt factor units 104a and 104b becomes 
active and is changed into "L", however, the interrupt request 
signal input to the CPU 102 is set to be «L" through the rectifying 
units 209 and 210 so that an interrupt request is given to 
the CPU 102. 

When the interrupt is given from an interrupt input terminal 
in the power down mode of the semiconductor integrated circuit 
101, the CPU 102 turns ON the power source of the internal 
power source section 105a to specify that an interrupt is given 
from the external interrupt factor unit 104a or the external 
interrupt factor unit 104b through the interrupt control circuit 
111 to be an interrupt signal path during a normal operation. 

As described above, according to the embodiment, also 
in the case in which there are a plurality of external interrupt 
factors, it is possible to give the interrupt request from 
the external interrupt factor to the CPU 102 also when the 
internal power source of the semiconductor integrated circuit 
101 is shut-off. 

While the description has been given to the case in which 
there are two external interrupt factors in the embodiment, 
moreover, the same semiconductor integrated circuit as that 
in the embodiment can be implemented by providing bypass means 
using a rectifying unit for each of the external interrupt 
factors also when one or at least three external interrupt 
factor (s) is (are) present. 

Fig. 3 is a block diagram showing a structure according 
to a third embodiment of the invention. The same portions 
as those in Fig . 1 have the same reference numerals and description 
will be given. In Fig. 3, 301 denotes a switching unit for 
bypass with which the bypass resistor 115 described in the 
fxrst embodiment is replaced. The ON/OFF control of the 
switching unit 301 is switched in response to an internal power 
source breaking mode signal input to an input cell 106. Control 
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is carried out in such a manner that the switching unit 301 
is turned ON when the internal power source breaking mode signal 
is "1", and is turned OFF when the internal power source breaking 
mode signal is "0". 

According to a circuit having the structure described 
above, it is possible to give an interrupt request from an 
external interrupt factor unit 104 to aCPU 102 through a switching 
unit also in the power down mode of a semiconductor integrated 
circuit 101. Moreover, the switching unit 301 for bypass is 
turned ON/OFF interlockingly with the power OFF/ON of an internal 
power source section 105a. Therefore, bypass means is 
automatically cut off in a mode other than the power down mode 
of the semiconductor integrated circuit. 

Fig. 4 is a block diagram showing a structure according 
to a fourth embodiment of the invention. The same portions 
as those in Fig . 1 have the same reference numerals and description 
will be given. In Fig. 4, 401 denotes the same switching unit 
for bypass as that of the third embodiment, of which ON/OFF 
control is carried out in response to a bypass control signal 
sent from a CPU which is input from an input cell 4 02 together 
with the output control of an output cell 107. 

According to the structure, the bypass means of an interrupt 
signal in a semiconductor integrated circuit can be directly 
controlled through the port of the CPU. Also in the power 
down mode of the semiconductor integrated circuit, an interrupt 
request sent from an external interrupt factor can be given 
to the CPU, and furthermore, a bypass unit can be turned ON 
if necessary in the software processing of the CPU. 

Asdescribedabove, according to the invention, the external 
interrupt factor can be output as the interrupt request signal 
to the outside through the resistor unit or the rectifying 
unit which is bypassed to the outside of the semiconductor 
integrated circuit, or the switching means. When the internal 
power source of the semiconductor integrated circuit is shut-off, 
therefore, the interrupt request sent from the external interrupt 
factor can be given to the outside. 



In the semiconductor integrated circuit, moreover, the 
rectifying unit or the switching means is provided in the I/O 
power source section. Consequently, the system can be 
constituted without adding a circuit to the outside and a cost 
5 of development can be minimized. 
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